The hydroalcoholic extract of leaves and twigs of Lindera neesiana (Wall. ex Nees) Kurz (Lauraceae) was subjected to various column chromatographic methods that isolated five kaempferol glycosides: (3); kaempferol 3-O-sophoroside (4); and kaempferol 3-O-α-rhamnopyranoside (5). The extract showed moderate free radical scavenging activity and potent pancreatic lipase inhibitory activity.
Introduction
The genus Lindera (Family: Lauraceae) consists of about 100 species widely distributed in tropical, subtropical, and temperate zones of Asia and Midwestern America [1] . Various species of Lindera plants are used in traditional medicine for the treatment of different ailments including rheumatoid arthritis, stroke, cholera, diarrhea, toothache, and nausea [1] [2] [3] . Lindera plants are a rich source of fatty and essential oils that are used for the production of soaps, lubricants, spices, fragrances, and timber [1] . Different types of secondary metabolites have reportedly been isolated from Lindera plants including sesquiterpenoids, alkaloids, butanolides, lucidones, phenylpropanoids, isocoumarins, and lignans [1, [4] [5] [6] . Flavonoids have also reportedly been isolated from several Lindera plants including Lindera umbellata, Lindera lucida, Lindera erythrocarpa, Lindera aggregata, and Lindera obtusiloba [7, 8] . Lindera plants and isolated compounds have been studied for different biological activities including cytotoxic [9, 10] , anti-inflammatory [11, 12] , anti-hypertensive [13] , hepatoprotective [14] , and antioxidant activities [15, 16] .
Lindera neesiana (Wall. ex Nees) Kurz commonly known as 'Siltimur' in Nepal, is a small tree distributed in Nepal, India, Bhutan, and Myanmar [2, 17] . The fruits are aromatic and are used as a spice in preparation of various food products as well as traditional medicines to treat diarrhea, tooth pain, headache, and gastric disorders [2, 17, 18] . Essential oils from L. neesiana fruit consisted mainly of Z-citral, E-citral, eucalyptol, citronellal, α pinene and β pinene, and showed potent antibacterial and antifungal effects [19] . The water extract from these fruits also showed potent neuroprotective and anti-neuroinflammatory activity [18] . However, there was no study on the chemical constituents of the leaves and twigs. In a previous study, we isolated several flavonoids from the leaves and twigs of Lindera sericea, which is widely used as a herbal tea in Japan, and evaluated its free radical scavenging and enzyme inhibitory activities [20] . Thus, in this study, we aimed for the isolation and identification of chemical constituents and the evaluation of free radical scavenging and pancreatic lipase inhibitory activities of the extract and compounds.
Materials and Methods

General Experimental Procedures
The 1 H-, 13 C-and 2D-NMR spectra were measured on a AVANCE-I 600 NMR spectrometer (Bruker, Billerica, MA, USA) ( 1 H-NMR: 500 MHz and 13 C-NMR: 125 MHz) using CD 3 OD as solvent. Chemical shifts are given in ppm with reference to tetramethyl silane (TMS). Mass spectra were recorded on a JEOL JMS 700 MStation mass spectrometer. Absorbance was recorded on an Infinite 200 PRO ® (Tecan Austria GmBH, Grodig, Austria). Column chromatography (CC) was carried out with a MCI gel CHP20P (75-150 µm, Mitsubishi Chemical Industries Co. Ltd., Tokyo, Japan), Sephadex LH-20 (Amersham Pharmacia Biotech, Tokyo, Japan), Chromatorex ODS (30-50 µm, Fuji Silysia Chemical Co., Ltd., Aichi, Japan), and silica gel 60 (0.040-0.063 mm, Merck KGaA, Darmstadt, Germany). Thin layer chromatography (TLC) was performed on a pre-coated silica gel 60 F 254 (Aluminum sheet, Merck KGaA, Darmstadt, Germany).
Plant Materials and Chemicals
The fresh leaves and twigs of Lindera neesiana were collected from Lumle, Kaski District, Nepal on February 2016 and shade dried for two weeks. Voucher specimens were deposited at the Museum of Traditional Medicines, School of Pharmacy, Kumamoto University, Kumamoto, Japan.
1,1-Diphenyl-2-picrylhydrazyl (DPPH), and porcine pancreatic lipase, were purchased from Sigma Aldrich Japan, Co. (Tokyo, Japan). Cetilistat was obtained from Combi-Blocks, Inc., San Diego, CA, USA. 6-Hydroxy-2,5,7,8-tetramethyl-3,4-dihydrochromene-2-carboxylic acid (Trolox) was obtained from Wako Pure Chemical Industries, Ltd. (Tokyo, Japan).
Extraction and Isolation
The dried leaves and twigs of Lindera neesiana (2.3 kg) were extracted twice with 60% ethanol (36 L) for two days by maceration at room temperature. The filtered extracts were combined and evaporated under reduced pressure to obtain 387.1 g of extract. The extract was then suspended in water and applied to MCI gel CHP20P CC (gel volume measured to about 600 cm 3 ), then eluted successively with water, 40%, 60%, 80% and 100% MeOH to give seven fractions (Fr. 1-Fr. 7) on the basis of their TLC patterns. Fraction 2 (27.0 g) was subjected to Sephadex LH-20 CC (water followed by MeOH) to obtain three subfractions (SubFr. 2-1~SubFr. 2-3). Subfractions 2-1 (20.7 g, water eluate) and 2-2 (3.6 g, water eluate) were combined as 2-1 (24.4 g) and subjected to ODS CC (water, 5%, 10%, 20%, 30%, 40%, 50% and 100% MeOH) to obtain thirteen subfractions (SubFr. 2-1-1~SubFr. 2-1-13). Subfraction 2-1-5 (1.7 g, 5% eluate) was subjected to silica gel CC (CH 2 Cl 2 :MeOH:H 2 O = 7:3:0.5) to obtain compound 1 (550 mg). Subfractions 2-1-6 (2.0 g, 5% MeOH eluate) and 2-1-7 (1.3 g) were combined and subjected to silica gel CC (CH 2 Cl 2 :MeOH:H 2 O = 7:3:0.5) to obtain compound 1 (1630 mg). Subfraction 2-1-8 (1.5 g, 10% MeOH eluate) was subjected to silica gel CC (CH 2 Cl 2 :MeOH:H 2 O = 7:3:0.5) to obtain compound 1 (600 mg). Subfraction 2-1-10 (1.0 g, 30% eluate) was subjected to silica gel CC (CH 2 Cl 2 :MeOH:H 2 O = 7:3:0.5) to obtain compound 2 (553 mg). Subfractions 2-1-11 (3.3 g, 40% MeOH eluate) and 2-1-12 (1.3 g, 40% MeOH eluate) were separately subjected to silica gel CC (CH 2 Cl 2 :MeOH:H2O = 7:3:0.5) to obtain compound 2 (950 mg) and compound 3 (52 mg), respectively. Fraction 3 (13.1 g) was subjected to Sephadex LH-20 and eluted with 50% MeOH to obtain four subfractions (SubFr 3-1~SubFr 3-4). Subfractions 3-2 (10.9 g) and 3-3 (1.2 g) were combined and applied to ODS CC (water, 10%, 20%, 30%, 40%, 60% and 100% MeOH) to obtain seventeen subfractions (3-2-1~3-2-17). Subfraction 3-2-7 (2.8 g) was subjected to silica gel CC (CH 2 Cl 2 :MeOH:H 2 O = 8:2:0.1) to obtain compound 2 (487 mg) and subfraction 3-2-8 (0.8 g) was subjected to silica gel CC (CH 2 Cl 2 :MeOH:H 2 O = 8:2:0.1) to obtain compound 4 (121 mg) and compound 2 (180 mg). Subfraction 3-2-10 was subjected to silica gel CC (CH 2 Cl 2 :MeOH:H 2 O = 8:2:0.1) to obtain compound 3 (106 mg). Subfractions 3-2-11 (1.6 g), 3-2-12 (0.8 g), and 3-2-13 (1.8 g) were combined and subjected to silica gel CC (CH 2 Cl 2 :MeOH:H 2 O = 8:2:0.1) to obtain compound 3 (200 mg) and compound 5 (14 mg). Fraction 4 (33.0 g) was subjected to Sephadex LH-20 (50% MeOH) followed by silica gel CC (CH 2 Cl 2 :MeOH:H 2 O = 8:2:0.1) to obtain compound 5 (110 mg).
Measurement of DPPH Free Radical Scavenging and Pancreartic Lipase Inhibitory Activities
The DPPH free radical-scavenging and pancreatic lipase inhibitory activities were evaluated by using the previously described method [21] .
Results
The leaves and twigs of Lindera neesiana (2.3 kg) collected at Lumle, Kaski District, Nepal were extracted with 60% ethanol to obtain 387.0 g of extract. The extract was then subjected to repeated column chromatography on MCI gel CHP20P, Sephadex LH-20, ODS, and silica gel to isolate five pure compounds (1-5) (Figure 1 ).
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Results
The leaves and twigs of Lindera neesiana (2.3 kg) collected at Lumle, Kaski District, Nepal were extracted with 60% ethanol to obtain 387.0 g of extract. The extract was then subjected to repeated column chromatography on MCI gel CHP20P, Sephadex LH-20, ODS, and silica gel to isolate five pure compounds (1-5) (Figure 1 ). (Table 1) showed signals equivalent to 39 carbons including kaempferol moiety, two β-glucopyranosyl moieties, and two α-rhamnopyranosyl moieties. The attachment of sugar moieties was confirmed on the basis of the 2D NMR spectra including 1 Figure 2 . On the basis of this data, the structure of compound 1 was elucidated as kaempferol 3-O-β-glucopyranosyl(1→2)-[α-rhamnopyranosyl(1→6)]-β-glucopyranoside-7-O-α-rhamnopyranoside. Previously, a minor quantity of compound 1 was isolated from the fruits of Styphnolobium japonicum (Leguminosae) [22] and as a mixture with kaempferol 3-O-β-glucopyranosyl (1→2)-[α-rhamnopyranosyl(1→6)]-galactopyranoside-7-O-α-rhamnopyranoside from the seed of Lens culinaris (Legumonosae) [23] . However, to the best of our knowledge, this is the first report on the isolation of 1 from the family Lauraceae. attached at C-3 of kaempferol, respectively. The key HMBC correlations are given in Figure 2 . On the basis of this data, the structure of compound 1 was elucidated as kaempferol 3-O-β-glucopyranosyl(1→2)-[α-rhamnopyranosyl(1→6)]-β-glucopyranoside-7-O-α-rhamnopyra-noside. Previously, a minor quantity of compound 1 was isolated from the fruits of Styphnolobium japonicum (Leguminosae) [22] and as a mixture with kaempferol 3-O-β-glucopyranosyl (1→2)-[α-rhamnopyranosyl(1→6)]-galactopyranoside-7-O-α-rhamnopyranoside from the seed of Lens culinaris (Legumonosae) [23] . However, to the best of our knowledge, this is the first report on the isolation of 1 from the family Lauraceae. Other compounds were identified as kaempferol 3-O-β-glucopyranosyl(1→2)-[α-rhamnopyranosyl (1→6)]-β-glucopyranoside (2) [22] , kaempferol 3-O-β-glucopyranosyl (1→2)-α-rhamnopyranoside-7-O-α-rhamnopyranoside (3) [24] , kaempferol 3-O-sophoroside (4), and kaempferol 3-O-rhamnopyranoside (5) [24] on the basis of their NMR spectral data and comparison with literature values. This is the first report on the isolation of these kaempferol glycosides from the leaves and twigs of Lindera neesiana.
The hydroalcoholic extract and isolated compounds were evaluated for their free radical scavenging activity by DPPH method. The extract showed moderate free radical scavenging activity but the compounds were either very weak or inactive (Table 2 ). There is a possibility that the extract contains other active molecules which were not isolated in this study. Further bioassay guided isolation and identification of active compounds should be performed in future. 
Conclusions
Five kaempferol glycosides were isolated and identified from the hydroalcoholic extract of the leaves and twigs of Lindera neesiana. The extract showed potent pancreatic lipase inhibitory activity. Further studies should focus on the isolation and identification of active compounds and detailed exploration of their activities in vivo. 
